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Abstract. According to traditional views, the prolifera-

tion of unicellular algae is controlled primarily by envi-

ronmental conditions. But as in mammalian cells, other

biological mechanisms, such as growth factors, cellular

aging, and contact inhibition, might also control algal

proliferation. Here we ask whether contact inhibition reg-

ulates growth in several species of unicellular algae as it

does in mammalian cells. Laboratory cultures of the di-

noflagellate Prowcentrum lima (Ehrenberg) Dodge show

contact inhibition at low cell density, so this would be an

autocontrol mechanism of cell proliferation that could

also act in natural populations of P. limn. But, Synecho-

cystis spp., Phaeodactylum tricornntnm (Bohlin), Skele-

tonema costatmn (Greville), and Tetraselmis spp. do not

exhibit contact inhibition in laboratory cultures because

they are able to grow at high cellular density. Apparently

their growth is limited by nutrient depletion or catabolite

accumulation instead of contact inhibition. Spirogyra in-

signis (Hassall) Kutz, Prorocentrum triestinum Schiller,

andAlexandrium tamarense (Hsfiaa) Balech show a com-

plex response, as they are able to grow in both low and

high cell density medium. These results suggest that con-

tact inhibition is more adaptative in benthic unicellular

algae.

Introduction

Environmental conditions (light, nutrients, tempera-

ture, and turbulence) are thought to be the main controls

of proliferation in unicellular algae. Thus, axenic cultures

of algae progressively increase in cell number until division

slows due to nutrient depletion, the shadowing of some

cells by others, or metabolite accumulation. But other

mechanisms could play an important role in autocontrol
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of algal proliferation. In this respect, endogenous rhythms
have been proposed as pacemakers of algal proliferation

(reviewed by Edmunds, 1988). Also, mucilage production

has been considered a mechanism of biological autocon-

trol in unicellular algae (Margalef, 1989). Recently, Wyatt
and Reguera (1989) proposed that the onset of phyto-

plankton blooms and red tides are due to a mechanism

of ecological autocontrol acting at the Gaian level.

Several biological mechanisms that control the cell di-

vision cycle in mammalian cells have recently been elu-

cidated. They are based on growth factors, genes, and gene

products that respond to growth factors (Baserga ft ai.

1986; Goustin ft ai, 1986; Cantley et ai. 1991; North,

1991 ). Although these mechanisms have been interpreted

as adaptations for regulating cellular proliferation in mul-

ticellular organisms, they are common to all eukaryotic

cells, even regulating the cleavage of zygotes (Murray and

Kirschner, 1989). Recently, we have proven that the cell

division cycle in unicellular algae from different phyla

(Cyanophyceae, Dinophyceae, Bacillarophyceae, and

Chlorophyceae) are regulated by growth factors just as are

mammalian cells (Costas and Lopez-Rodas, 199 la; L6-

pez-Rodas et ai, 1991).

In addition to regulation by growth factors, other

mechanisms control the cell proliferation of mammalian

cells. For example, some cells are genetically programmed
to degenerate and die of old age after a determined number

of generations. Also, the unicellular algae Spirogyra in-

signis (Conjugatophyceae) undergoes cellular aging as do

mammalian cells (Costas and Lopez-Rodas, 1991b).

In mammals, another important regulator of cellular

proliferation is contact inhibition. Mammalian cells grow
in monolayers, colonizing the bottom of culture flasks,

but they only increase until their growth is inhibited by

contact with neighboring cells. Various mechanisms seem

to be involved in this complex phenomenon, from growth
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Table

Characteristics ofllie species used

Species
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Table II

Growth rates and percentage increase oj cell density in fresh medium at saturation density and in saturated medium at low density

Cells at saturation density

in fresh medium

Cells at low density

in saturated medium

Exponential

growth-rates

Saturated

growth-rates Growth rates

% increase

cell density Growth rates cell density

Syiicchocystis spp.
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Figure 1 . Growth of Prorocenlntm lima and Spirogyra insignia when cells were mechanically removed
from half a Petn dish. The arrows represent the border produced in the experiment. Only the cells bordering
the cell-free zone were able to grow, (a) Saturated P. lima culture at the time of removal, (b) P. lima culture

72 h after the removal. New cells have only proliferated into the open half of the plate, (c) Saturated 5.

inaignis culture at the time of removal, (d) 5. insignia culture 72 h after the removal. New cells have only

proliferated into Ihe free half of the plate.

actions complicate a precise evaluation of the relative im-

portance of each. Thus, our experimental design was
aimed only at detecting whether contact inhibition takes

part in cell dependent inhibition of growth.

Table II summarizes the growth rates and the percent-

age of cell density increases in both fresh and saturated

culture media. Apparently, the dinoflagellate P. lima

showed contact inhibition of growth. Both the growth rates

and the cell densities of Experiments 1 and 2 were sig-

nificantly different (P < 0.0 1 ). P. lima cells were not able

to grow at saturation density in fresh medium (Experiment
1 ), but their growth started again in saturated medium
when their cell density decreased (Experiment 2).

In contrast, Synechocystis spp., Phaeodactilum iricor-

nutitm, Skeletonema costatum and Tetraselmis spp. did

not exhibit contact inhibition. In all the cases, statistically

significant differences (P < 0.01) were detected between

both the growth rates and the cell densities of Experiments

1 and 2. Apparently, their growth was limited by nutrient

depletion or catabolite accumulation; thus they could

proliferate at high cellular density in fresh medium (Ex-

periment 1 ), but were not able to grow in saturated me-

dium at low cell density (Experiment 2).

Contact inhibition of growth may be an important

mechanism in Spirogyra insignis. Although this species

grew slowly at saturation density in fresh medium (Ex-
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periment 1), its growth was significantly increased (P

> 0.01) at low density in saturated medium (Experiment

2). So, in S. insignis. the contact inhibition component

seems to prevail because proliferation is faster in a satu-

rated medium with low cell density than in fresh medium

with high cell density.

In Pmwcentrum tricstimun. however, a nutrient de-

pendent inhibition or catabolite accumulation seemed to

be more important than contact inhibition. P. tricstinum

was able to grow in both experiments, although its growth

in fresh medium at high cellular density was significantly

(P > 0.01) faster than that in saturated medium at low

cell density. In Ak'xandnwn tamarcnsc, all of the factors

seemed to slow down proliferation. A. tamarcnsc cells

were scarcely able to grow in either experiment.

The cells of P. lima and 5. insignis were mechanically

removed from half a Petri dish, and the resulting growth

rates are summarized in Table III. In agreement with pre-

vious experiments, the growth of P. lima and S. insignis

seemed to be inhibited by a contact inhibition mechanism.

In particular, only the cells bordering the cell-free zone

were able to grow (Fig. 1 ). This experiment, which employs

the traditional method of detecting contact inhibition in

mammalian cells (Alberts et a/.. 1983), supports the hy-

pothesis that contact inhibition takes place in the growth

inhibition of P. lima and S. insignis saturated cultures.

Only two of the three benthic species analyzed seemed

to exhibit contact inhibition. These results suggest that

contact inhibition is a more adaptative mechanism in

benthic unicellular algae.

Contact inhibition is usually thought of as a mechanism

developed by animal cells to limit cell division. The results

obtained in these experiments suggest an alternative in-

terpretation. The dinoflagellates, which could be consid-

ered the earliest group of protist, but which are also far

removed from actual eukaryotes (Dodge. 1955; Herzog

et ai, 1984; Costas and Goyanes, 1988), have developed

contact inhibition, thereby suggesting that such a mech-

anism had already been developed by unicellular organ-

isms in an early era, probably as an autocontrol mecha-

nism regulating natural populations. Nevertheless, contact

inhibition has also evolved in the Conjugatophyceae (a

recent group of higher algae that are phylogenetically far

removed from dinoflagellates), suggesting that such

mechanisms may have been developed independently in

phylogenetically different groups of unicellular organisms.
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